Abstract Distal biceps tendon ruptures are relatively rare. Patients are usually middle-aged men involved in heavy labor. Patients usually present with the history of a pop and a proximal migration of the biceps muscle belly. Clinical exam should be sufficient to diagnose a complete rupture. Several specific tests have been described. Ultrasound scanning or MRI can help confirm the diagnosis. Radiographs are not needed to diagnose distal biceps tendon rupture but may show typical findings. Imaging, more specifically the flexionabduction-supination (FABS) view MRI, is particularly helpful in the case of a partial rupture or chronic rupture of the distal biceps tendon. Results of surgical reinsertion of the distal biceps have been shown to be superior to conservative treatment. Different techniques and approaches have been described with specific advantages and disadvantages. Primary repair of the tendon is preferred. If this is no longer possible in chronic tears, an augmentation can be done using tendon graft. Results of surgical treatment are good in the vast majority of patients. Reruptures are rare but minor complications are common. Major complications may include posterior interosseous nerve palsy or radioulnar synostosis, but the risk of these complications may be decreased by meticulous attention to detail during surgery.
Introduction
With an incidence rate of about 1.2-2.5 per 100,000, distal biceps brachii tendon avulsions and/or ruptures are relatively uncommon [1, 2•] . Both a decreased arterial blood supply and mechanical impingement have been suggested as possible mechanisms predisposing to a rupture [3] . Both mechanisms seem to be clinically important, as smoking has been shown to be a significant risk factor [1, 2•] . Injuries primarily affect the active middle-aged, male population involved in heavy physical work or sports, suggesting a degenerative basis for these injuries [1, 3] .
The biceps brachii is composed of two heads; it originates with the long head on the supraglenoid tubercle and the short head on the coracoid process. This will insert distally on the bicipital tuberosity of the radius [4] . A branch of the musculocutaneous nerve innervates the distal biceps brachii muscle [5] .
The most common mechanism by which distal biceps tendon ruptures occur is due to an eccentric load [6] such as a fall on the outstretched hand, elbow extension during heavy lifting, or an abrupt extension of the elbow with the arm in supination [7•, 8, 9] . Degeneration, inflammation of the deep radial bursa, hypovascularization, or friction of the tendon (for example, on boney irregularities at the tuberosity of the radius) is known to contribute to the possibility of rupturing the tendon. Smokers present with a seven times greater predisposition toward tendon tears [1] , along with athletes who abuse or used anabolic steroids [10] [11] [12] [13] .
If treated conservatively, the patient might continuously experience weakness during supination and elbow flexion This article is part of the Topical Collection on Elbow Soft Tissue Surgery [14] , and better results may be expected with surgical repair rather than nonoperative treatment [14, 15] . Complications are more common in delayed repair due to worsening scar tissue formation and retraction of the tendon over time. In some cases of severe retraction in which direct repair of the tendon to the tuberosity is no longer possible, augmentation by a tendon graft may be necessary.
Several surgical techniques have been described, most with comparable results in clinical outcomes and biomechanics. Currently, there is no clear consensus on which surgical technique should be used.
Presentation and imaging
Patients may present with pain, edema, ecchymosis, and decreased elbow supination and/or flexion strength. They may report having felt a Bpop.^Some even sense that a palpable retraction of the biceps tendon and the biceps muscle may be retracted proximally (Fig. 1) . Clinical exam is often sufficient to diagnose a complete distal biceps tendon avulsion [7•] . When in doubt, or when a partial rupture is suspected, ultrasonography or magnetic resonance imaging is the preferred imaging modality [8, 9] .
Patients may present acutely to the accidents and emergency department or with a chronic rupture to the outpatient clinic. In chronic ruptures, a delay in diagnosis is often due to a late presentation in patients with subtle symptoms.
Resisted flexion and supination may be weaker and painful, although in chronic cases, flexion strength can appear nearly normal due to brachialis contraction. Endurance will be diminished as well. Supination usually is adversely affected in chronic as well as in acute cases. Clinically, several specific tests may help diagnose biceps ruptures: (1) biceps squeeze test, (2) pronation-supination test, (3) biceps crease interval test, and (4) the hook test [16] . The biceps squeeze test is performed with the elbow flexed at around 80°and the forearm slightly pronated while the examiner squeezes the relaxed biceps. Similar to the Thompson test for Achilles ruptures, the test is positive when there is no movement of the forearm. A negative test will create a supination movement of the forearm [17] . In the pronation-supination test, the biceps muscle contour changes shape when the forearm is pronated and supinated in patients with an intact tendon. If the tendon is ruptured, this will not occur [18] . The biceps crease interval is the distance between the antecubital fossa crease and the distal biceps muscle which is increased in full-thickness distal biceps tendon ruptures, due to proximal migration of the muscle belly [19] . With the hook test, an intact biceps tendon can be hooked by the examiner from the lateral side of the antecubital fossa with one finger. This is not possible in the presence of a rupture [16] . In order to avoid false positive results from the intact lacertus fibrosus, the hook test should not be performed from the medial side. For full-thickness, complete biceps tendon ruptures, the above clinical investigations should be sufficient to make the diagnosis, and imaging is usually not needed for diagnosis [7•] .
In partial tears of the distal biceps tendon, the hook test, squeeze test, and pronation-supination test will be negative and the biceps crease index will be normal. Imaging is usually necessary in cases suspicious for a partial tear.
Radiographs are typically normal although it may show associated elbow injuries and potential predisposing factors, such as flattening of the radial tuberosity which may be a sign of degenerative changes at the insertion (Fig. 2) .
Ultrasound may be used to confirm the diagnosis [8, 9, 20, 21] . It is a cheaper imaging study than an MRI and is becoming more readily available; however, it is operator dependent (Fig. 3) .
Magnetic resonance imaging [22, 23] (Fig. 4) , in particular, the flexion-abduction-supination (FABS) view [24•] , can be used for optimal visualization. For the FABS view, the patient 
Treatment Partial tears
With partial tears, patients may complain of loss of flexion and supination strength or just pain in the antecubital fossa.
Nonoperative treatment
Partial tears are usually treated nonoperatively for a minimum of 6 months. There is no consensus on which treatment modality should be used or for how long conservative treatment should be tried before surgery is indicated. A partial tear involving less than 50 % of the tendon is initially treated conservatively. Surgical debridement or primary repair can be an option if conservative therapy fails. If the partial tear is larger than 50 % of the tendon, then surgical repair is typically recommended [25] .
In complete acute ruptures, surgical reattachment to bone is preferred over nonoperative treatment. Nonoperative treatment is reserved for older, low-demand patients, and those with significant comorbidities or an unacceptable high risk for surgery. Due to the increased risk of complications, 
Surgical repair
Different surgical techniques exist to treat distal biceps tendon tears [26] .
Endoscopic technique
Endoscopic techniques are particularly helpful in diagnosing the extent of partial tears. The patient is placed supine, with the arm on an armtable. A tourniquet is used, as proximal retraction is not an issue in partial ruptures. A 2-cm incision is made centrally on the forearm, 3 cm distal to the elbow crease. Blunt dissection is carried out to the tendon. Care is taken not to injure the lateral antebrachial cutaneous nerve by dissection or retraction (Fig. 6 ). Retractors are used throughout the procedure, to protect neurovascular structures. The scope is entered in the bicipital bursa (Fig. 7) . The scope is advanced to the bicipital tuberosity and the forearm is supinated. This opens the space between the tendon and the bone and a good view of the insertion can be obtained. We use the following algorithm. If the tear is less than 25 % of the surface of the insertion, the tear is debrided. If the tear is between 25 and 50 %, the tear is debrided and the tendon is reinserted using a bone anchor (Fig. 8) . If the tear consists of more than 50 % of the tendon, the tendon is detached fully. The stump is debrided and we prefer to repair the tendon to bone, using a cortical bone technique.
Complete tears can also be treated with the endoscopic technique described. Mostly, the endoscopy is used as an aide in retrieving the retracted tendon and finding the footprint for insertion.
Other endoscopic techniques have also been described. Duffiet et al. described a technique using a cannula, to protect the adjacent neural structures [27] . Gregory et al. used a slightly larger incision in the anterior crease of the forearm. Unfortunately, one patient had a severe neurological complication in their series [28] .
The postoperative regimen depends on the procedure. Both the debridement and anchor repair are protected with a removable splint for 2 weeks. The patient is encouraged to remove the splint four times a day for a period of 15 min, to gently mobilize the elbow. A patient with a surgical repair is allowed to mobilize and load immediately. Fig. 6 The lateral antebrachial cutaneous nerve (asterisk) is located just radial to the incision superficial to the brachioradialis muscle. It is vulnerable during the approach but can also be injured by excessive retraction. Reprinted with Permission from MoRe Foundation Fig. 7 The scope is entered into the bicipital bursa, between the tendon and the tuberosity. Reprinted with Permission from MoRe Foundation 
Single-incision technique
The patient is placed in supine position with the arm on an armtable. A tourniquet can be used in acute cases, but the surgeon should be aware that this may impair the possibility of pulling the torn tendon distally. The patient's arm is supinated on the armtable and a longitudinal 2-cm incision is made centrally on the forearm, 3 cm distal to the elbow crease in the antecubital fossa. Blunt dissection develops the plane between the brachioradialis and flexor carpi radialis muscle bellies. The lateral antebrachial cutaneous nerve can be identified superficially to the brachioradialis muscle. We tend not to dissect the nerve, and this has significantly decreased the incidence of temporary numbness of the forearm. The biceps tendon stump is typically found proximal to the elbow crease. Flexing the elbow is usually sufficient to digitally localize and mobilize the stump. It is very rarely necessary to extend the incision or the make a second incision proximal to the elbow crease. The stump is debrided to healthy tendon and the tendon is prepared for repair. Preparation of the tendon depends on the type of fixation used. Bone tunnels, bone anchors, or different types of cortical bone buttons, with or without interference screw fixation, have been successfully used to repair the distal biceps tendon back to bone. We prefer to use a cortical button as we feel that this allows for the strongest initial repair. The tendon is sutured to a cortical button using nonresorbable suture (Fig. 9) . Dissection is then taken to the level of the bicipital tuberosity. In acute ruptures, this can easily be identified as the path of the tendon can be followed to the tuberosity. This is more difficult in delayed cases, as scar tissue rapidly forms in this tunnel [29] . The bicipital tuberosity is visualized with the use of retractors. Extreme care should be taken to stay on the bone of the radius if Hohman-type retractors are used around the radius, as the posterior interosseous nerve is located posterior to the bone. The bone is then prepared, depending on the preferred fixation method. For the cortical bone technique, a guide wire is drilled from the center of the tuberosity through both cortices. In order to decrease the risk of injuring the posterior interosseous nerve, the forearm needs to be supinated maximally. The guide wire is directed straight posterior or in an ulnar direction and should not be drilled distally or radially [30] . The guide wire is then overdrilled with an 8-or 9-mm canulated drill, through the first cortex. A 4.5-mm canulated drill is then used to drill the second cortex (Fig. 10 ). The guide wire is then removed, as well as as much bone debris as possible. The wound is then irrigated to remove the last remaining debris.
The arm is then supinated fully and the guide wire is advanced through the tunnel created in the radius. The guide wire is used to bring trailing sutures through the skin on the posterior forearm. With the elbow flexed, the tendon is pulled into the tunnel and the button is flipped, once it clears the second cortex. The elbow is then extended and this secures the button against the far cortex. The forearm is taken through a full range of pronation and supination to clear any soft tissue between the radius and the button. Fluoroscopy can be used to check the position of the button [31] (Fig. 11) . As the endobutton technique has the highest initial fixation strength [32] , aggressive rehabilitation can be started early. Postoperatively, the patient is allowed to mobilize the elbow immediately. Loading is permitted as pain allows, but patients are instructed not to load more than 20 kg for the first 3 months and to avoid peak loading.
Two-incision technique
The two-incision technique is started with a transverse or longitudinal proximal incision over the distal biceps sheath. Fig. 9 The tendon is sutured to a cortical button. The stump will be debrided, leaving a 2-mm gap between the tendon and the button. Reprinted with Permission from MoRe Foundation Dissection to the tuberosity is identical to the single-incision technique, as is identification and preparation of the tendon stump. With the arm supinated, passing a large curved Kelly clamp through the extensor muscles on the medial side of the radius then creates a path. A second incision is made where the Kelly clamp can be felt under the skin and progressive dissection through the extensor muscle is performed until the radial tuberosity is visualized. At this stage, be careful not to expose the ulna as this is found to increase the likelihood of radioulnar synostosis [33] . Fixation of the tendon can again be performed with various devices described above. Bone tunnels, bone anchors, or different types of cortical bone buttons, with or without interference screw fixation, have been successfully used to repair the distal biceps tendon back to bone.
Chronic ruptures
In delayed cases, the tendon will retract proximally, unless there is an intact bicipital aponeurosis. With a retracted tendon, direct repair may be difficult.
Nonoperative treatment is an option, as well as nonanatomic repair if the tendon cannot be brought back to the tuberosity. The indication for surgery is functional impairment due to decreased strength or severe pain. Overall, anatomic repair will be preferred by most orthopedic surgeons as a nonanatomic repair has only been shown to be successful in 60 % of patients [34] .
Either a single-or double-incision technique may be used, as described above. Some pitfalls may complicate surgery. First, tendon retraction proximal to the elbow crease may require lengthening of the incision past the crease. This is best done by a lazy-S over the crease or by a separate incision proximal, over the tendon stump. The retracted tendon will be encased in scar tissue and may be of very poor quality. Releasing the tendon from the scar tissue can be challenging. The tendon may be shortened as well as the muscle belly.
Prolonged traction on the tendon can mobilize the muscle and tendon sufficiently to repair the tendon back to the tuberosity. Another challenge is tissue obliterating the bicipital tunnel. This increases the risk of injury to the neurovascular bundle in the antecubital fossa and proximal forearm [29] . Care should be taken when dissecting to the tuberosity. The forearm is fully supinated throughout the dissection, but rotation of the forearm may help identify the tuberosity.
Once the tendon and tuberosity have been identified and prepared, an attempt is made to bring the stump back to the bone. We prefer to use the cortical button approach, as was described above. The elbow is hyperflexed and the tendon is pulled into the bone tunnel. Primary repair is often still possible [35] . The tendon can be fixed with the elbow in hyperflexion, and most patients will regain full extension as the tendon and muscle stretch over time [36• ].
If it is not possible to bring the tendon back to bone or if the quality of the tendon is insufficient, a graft can be used to reconstruct the tendon. A wide variety of autografts and allografts have been used. Autograft lacertus fibrosis [37] , semitendinosus [38, 39] , quadriceps tendon [40] , and fascia lata [41] have all been described. Allograft Achilles [42, 43] , semitendinosus, tibialis anterior [44] , and fascia lata [41, 45] have all been used to reconstruct the tendon [44, 46] .
Results
Nonoperative treatment clearly yields inferior results to surgical repair [15, 47] , with residual pain [47] , a loss of about 40 % supination strength, and an average of 30 % decrease in flexion strength [48] . However, some patients may be able to adapt to the decreased strength and can still be satisfied with nonoperative treatment [49, 50] . Anatomic repair is preferred over nonanatomic fixation to the brachialis, with good results in 90 % of patients in the anatomic repair group, compared to only 60 % in the latter [34] . Controversy still exists on which fixation method to choose and whether to use a single-or two-incision technique [51] . Up to now, no device has been proven to have clinical superiority over another, but the cortical button and bone tunnel techniques have shown a decrease in complication rate compared to other techniques [50] . No clear differences have been shown between the button or bone tunnel techniques [52] . In a randomized clinical trial, Grewal et al. found no significant differences in outcome between a single-and double-incision technique. A 10 % increase in supination strength was found in the double-incision technique, and a slight increase in minor complications was found in the single incision technique [53] .
In general, patients can expect less than a 5°decrease in extension and flexion and up to 10°loss for forearm rotation [54] [55] [56] . Flexion and supination strength will recover to an average of 90 % of the uninjured side [31, 57] .
Delayed repair or reconstruction has also been shown to be able to restore flexion strength to up to 90 % and supination strength to almost 80 % of the uninjured side, with better results if the tendon was repaired back to bone, compared to patients where a graft was needed [58] .
Complications
The overall complication rate of distal biceps tendon repair is approximately 25 % [50] for all surgical techniques combined. Most complications are minor, with transient lateral antebrachial cutaneous nerve neuropraxia or radial sensory nerve paraesthesia as the most common complications [59•] . Asymptomatic heterotopic ossification is found in over one third of patients following distal biceps repair [60] , but this does not significantly affect the functional outcome [54] . There are no significant differences in overall complication rate between the one-and two-incision techniques, but cortical button or bone tunnel fixation has shown a decrease in complication rate compared to other techniques [50] .
Unfortunately, possible complications also include posterior interosseous nerve palsy [61] , symptomatic heterotopic ossification [59•, 60] (Fig. 12) , or radioulnar synostosis [62] [63] [64] .
Reruptures are rare, with a rerupture rate of about 1-2 % [59•, 62, 64, 65] . A higher rerupture rate of 5 % has been published in patients treated with suture anchor fixation [51] .
The timing of surgery has been shown to play a role in the occurrence of complications [50, 59 •]. Cain et al. reported a 30 % complication rate in acutely operated injuries compared to 41 % in patients operated 4 weeks or later after the injury. Bisson et al. found a complication rate of 20 % in patients operated between 0 and 2 weeks following the rupture, compared to 40 % if surgery was delayed for more than 2 weeks [62] . Kelly et al. had similar findings with 24 % complications if operated within 10 days and 41 % complications if operated after 21 days [29] .
Irrespective of which approach or technique is used, a meticulous technique is imperative to avoid these disastrous complications; removal of bone debris, lavage, and hemostasis may decrease the rate of heterotopic ossification. Careful use of retractors, avoiding blind placement of retractors posterior to the radius, may decrease the rate of posterior interosseous nerve palsy, especially in the single-incision technique.
Conclusion
Distal biceps tendon rupture is an uncommon injury. It occurs mainly in middle-aged men involved in heavy labor or sports. Early surgical repair yields the best results with a decreased risk of complications.
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